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Introduction

Lanthanum titanate (La,Ti,O7) a layered distorted perovskite (1) with space group Pna2,
(Fig 1) has been shown to have potential as a high temperature piezoelectric (2).
However this highly refractory oxide compound must be consolidated at relatively high
temperatures ~ 1400 °C. Commercial La,Ti,07 powders were mechanically alloyed with
additions of Y,0j3 to lower the consolidation temperature by 300°C and to provide post
processing mechanical stability. Temperature dependent electrical, elastic and anelastic
behavior were selected as nondestructive means of evaluating the effects of yttria on the
properties of this ferroceramic material.

Method and Materials

T
Lanthanum titanate powders were hot pressed at 1100°C into bars W 4
from aqueous based slurry tapes, for the mechanical and electrical measurements,
respectively. Anelastic behavior as a function of temperature was determined by

observation of the time dependent amplitude free decay of the sample. Temperature
dependent elastic properties were determined by establishing continuous flexural

vibrations in the material at its lowest resonance frequency at 3 kHz. Two terminal

electronic characterizations were performed using a Solartron Analytical frequency

response analyzer, model 1260 with the dielectric interface model 1296. Polarization
measurements were performed with a Radiant Technologies Precision ferroelectric tester.
Density and electron microscopy was performed on selected test samples. The partial

density of states and band structure was calculated based upon energy minimization using
density functional pseudo potentials. The computations were performed with Materials
Studio's CASTEP atomic simulation software code. The calculations were run on a

LINUX based operating system using dual Itanium 64 bit 1 GHz processors.

Results and Discussion

The results (Fig 2) of hot pressing lanthanum titanate with increasing amounts of yttria
shows an increase in density as well as elastic modulus approaching the theoretical value
of 5.78 g/cc and 181 GPa, respectively. Scanning electron micrographs (Fig 3) reveal
numerous irregular and isolated pores, which are likely to prohibit full densification.
However Fig.4 illustrates a typical microstructure with addition of yttria, only 0.1 mol %
in this case. The light and dark grey regions are various phases of lanthanum titanate
along with alumina inclusions (black), which were likely introduced in the milling
process. To help determine the nature of the yttria/ lanthanum titanate interface single



crystals were grown (Dr. Ali Sayir, NASA Glenn) and high resolution transmission
microscopy was performed (Dr. Y.L. Chen, NASA Glenn). The HRTEM micrograph
(Fig 5) reveals the yttria/ lanthanum titanate interface with a coherent intermediate
compound between them, most likely yttrium titanate.

Applying an external electric field to the samples at elevated temperatures reveals
hysterisis like behavior (Fig. 6). Saturation occurs at 360°C and 1.4 kV/cm. Temperature
dependent, low electric potential (E = 0.1 volt rms), complex impedance tests were
performed on platinum/ ferroelectric / platinum cells to determine the electronic losses.
Figures 7 and 8 illustrate the real and imaginary impedance of lanthanum titanate at
600°C in air. The imaginary part of the complex impedance (Fig. 9) plotted as a function
of frequency and temperature reveals a thermally activated peak, which decreases in
magnitude as the temperature increases. This is consistent with a mechanism whereby the
crystal lattice expands reducing the reorientation energy of electro-elastic defects. The
calculated band structure and partial density of states (Fig. 10) gives insight into the
electronic mechanisms of this insulating ferroelectric and possible doping scheme to alter
its electronic properties (3). A direct 2 eV band gap is predicted in the G symmetry
direction in the Brillouin zone. The valance band is made of hybridized titanium 3d and
oxygen 2p orbitals while the conduction band consists of a p + d hybrid orbital made
largely from the lanthanum 5d and titanium 3d atomic orbitals. Smaller contributions to
the valence band come from the lanthanum 5p and oxygen 2p levels. Hence for this
A;B,07 compound, the A site is best suited to host single valence cation substitutions,
while multi-valence substitutions would best occur at the B site.

One order of magnitude reduction in yttria content results in a reduction in elastic
modulus (Fig. 11) below 5 mol% yttria differences in both the stiffness and in the elastic
temperature coefficient are not substantial, while still producing excellent mechanical
properties at elevated temperatures. One mechanical loss peak (Fig 12) appears at 466°C
approximating a single Debye peak. The peak of the relaxation occurs at 3 kHz; nearly
identical in frequency and temperature to the electrical relaxation noted in Figs. 6 and 7.
As the amount of yttria increases the internal friction peak also increases. Based upon the
magnitude, temperature and frequency of this peak, point defects are the likely
mechanism. Hence by controlling the concentration of yttria we are able to tailor the
population of defect clusters which may influence the domain mechanics of this material.
Both the anelastic and elastic temperature spectrum provides additional evidence of
minimal residual glassy phases at the grain boundaries.



Summary of Findings

« Additions of yttria do not degrade the electromechanical properties of lanthanum
titanate.

» Y,03/La,Ti,07 exhibits extremely low internal friction and hence has mechanical
fatigue resistant properties at low strains. .

« Micromechanical observations manifested themselves in the electrical nature of these

materials.
+ Both the electrical and mechanical relaxations appear to be thermally activated

processes.
References:

1.Scheunemann K. and Muller-Bushbaum, H.K. “Zur Kristallstruktur von La2Ti207”
Journal of Inorganic Nuclear Chemistry, volume 37, 1975 pp.1879-1881.

2. Kimura M, Matsushi.S, Nanamats.S, Takahash.M, Doi K
Electro optic and piezoelectric properties of La2Ti207 Single-Crystal, Japanese Journal
Of Applied Physics volume. 11 number 6: 904 1972.

3. Cox, P.A. The Electronic Structure and Chemistry of Solids, Oxford University Press,
1987.




*(an[q) suoned winueyjue| pue suoIue (pPa.1) UIFLX0 Aq pIapuno.Lns
WNIuE)n) 3Y) JoUdP [BIPIYEII0 ARIS YY) JIYM ‘VLpS 'S =9 ‘V8I'L =4

‘V SPL°ST =t 'zeug aampongs

[€3SA10 I Jeue)y winueyjuey [-31g




3

Density, g/cm

0¢

(4

Ve

o
v

8¢

JjeuE)) WNUBYUEL]
JO A)ISUdp pue snnpoui dNSE[I Y} U0 JUNUOI BLIJA JO P TSI

*O° X 98®Iu0010g O[O

01 8 9 % 4 0
| 1 | 1 | 1 | L L 1 |
® — 0S1
\\D
( ] B
AIsud( —e— .
- 091
SNINpoO N d1se[g —o—
- 0L1
®
Z2l6L 183 ‘einuwyy |
BdOL8L = SnInpoy d1se|3
mEo\m 6.'G6 = Alisuaq L 081
O ‘o‘iL‘e1e1sp 8jbuls
| 1 L 1 | 1 | 1 | 1 1

edD ‘SnINpoJy duse[y



*saJ0d Je[n3a.aan pajejost pue sdseyd snoriea 3uimoys
BLI)JA ou (PIM djeue)n) wnueyjue] passaad joy jo ydeidoromu uoapddd Suruued§ ¢-31y

wnQol 2ooe/1zioL ()3s 166 X Wwe'ZL A0Sl ele-a

oovi 0021 oooL 00’8 00’9 oo’y 00°¢ rryirtirrnra \ .y

oori [1)r4} ooot 00'8 00'9 0o’y 00°¢




*Kysoaod
[ewTuIu YPIM BLIYJA o [oul [°( Y djeue)n) winueyjue] jo ydeisosoru uonddyy pSig

2002/L L2t (1)3S 006X WWL' L L A0'SL eled-0850
L

002 0e'9 09§ 13 4 02y 0S5t 08¢ orz ort o0f0

e
L] un
w ©

0 @]




3seyd OILLA EIPIULIUI IY) YIIM IIBLIdUI BLINA [ deue)n)
wnueyjue] e Jo ydes30101u UOISSIWISURI) UOI)II[I UuonN[osdl Y31 S°Siq




Jle ul DP9E 18 “OK %lowL 0 yum ‘0°e] Jo sisassysAH 9 “Bid

SHOA °
00y  00€  00Z
L 1 2 1

A

pIa14 ouy09|3 palddy

001 0 00l1- 00¢- 00¢-
] 1 ] L ] 2 | N
~000001L-
-
~0000G6- ©
L
| N
D
L0 S
-+
Q
i )
=,
~0000S
~000001}




30009 1€ BLINA o, [owt [ YIM L QZLLZET JO dduepadu 3y) yo yred [gay L-Sig

(zH) Aousnbai4
0l Ol ,0b Ol Ol 0l O

[TTTT T T [TTTTT T 1 [T T [T T T [T T T JAO

-1 000S¢C

|
wyo Hed |esy .z

— 0000G

000s.




"20009 1€ BLINA o, [owr [°( YIM LOQTLLTET Jo duepadun 3y Jo yred LreuiBewr] g 31

(zH) Aouanbau 4
o0l S0l y0l Ol 0l .0l 001l

TTITTr T 17T [T T [rmrrrT T T [IrrTTTT T T T T [T T 7T o

/ — 0006G-

— 00001}~

wyo Hed Areuibew ,z

000G L-



O %lowy g yum ‘oa e
Jo uepddunl Hy yudapuddap Adudanbaiy pue danmjerddud ], ¢ 31

ZH ‘Aouanbaig

231 0000001000001 0000L 0001 00!l ol l 10
laass s o | TIT | TR ITTTTR lusess g Lunsns s o | TR Lsaia s o OOOOON
- 0
- 00000¢-
— 00000%-
I/ 5
b VX AL u - 000009-
ML6LL /.ﬁ ,
X801 » . B
4986 ¢ \ e -
u / — 0000001~
MZ88 —a— , - ,
| ]
Ac8L v N - 0000021
M6L9 o = . !
MLLG —m— . |/ - 00000¥ 1-
l'. L
— 0000091~

wyo ‘ yed Aieuibeuw



‘LoU L %eT 10] saje)s Jo Apsudp [eried pue 2anpONI)s pueq pajemI[E) O SLI

wns 4 — P d meg ——  eyde

(AB/su0038)8) sa|S 40 Ausueq

a1 o 6 8 ¢ 9 s s € 2z 1 0 1 3 5 W ] X
1
|
109 09
,
!
|
Loe S
,ROVA 0O-
wwww - +
1
|
oe 3

ot

- o

(A8) ABsou3 (A3) ABu3

SQE)S 4o Asuaq |ensed d31SvD 3UgIN4QS pueg d3LSYD



‘sAo[[e LA djeur)n winueyjue] jo snmpouwt judpuddop aamerddwd ], J1-S1g

00C!

0, ‘ednjesadwa |

0001 008
1

009 oov 00¢ 0
! I ! I

1 1 1 | 1

BUPA % IO Ol 40 31 duljjseg — —
BUPA % ION OO0l v

BUPA % ION LOO —©o— — 081

BUHA % IOWO'G —=— i

edO ‘SNINpo\ dlise|3



‘LoU1teq Jo Jo1aeyaq dnseppue Judpuadap fQix pue aamerddway 718y

D, “mjeradwa],

0001 008 009 (0]0) 4 002 0
[l.ltil 1 L 1‘1TI-IO
\ 4
‘ d
A /l ¥ \lo\ -G W
‘oo B
$\ Y 4 \ B -
v " Je o &
.44.“/‘ -\.\ | w.
/o v Ler
Wl :
e i )
%% OW | —v ./ / IPUI
%o ¢ —m— 5 '} >
% [0W O] —e— \ o\ I <
e J |
JUUO)) BLIP A /o o_o T4

- 0¢



